Introduction
Highly ionic copper(I) salts are unstable in solid form as well as in water and in many organic solvents. This instability has hindered physico-chemical studies of copper(I) salts in many pure and mixed solvents to be performed with confidence [1 -9] . Some symmetrical copper(I) perchlorate and tetrafluoroborate complexes though are already known and well stabilized with ligands like acetonitrile, benzonitrile, 2,9-dimethyl-1,10-phenanthroline, but copper(I) nitrate and sulfate complexes have never been studied in solid form. Such complexes are extremely unstable in solution and quickly disproportionate to copper(0) and copper(II) complexes. In continuation with our previous physico-chemical studies of some copper(I) complexes, especially copper(I) perchlorates, we have prepared some novel copper(I) nitrate and sulfate complexes and have made conductometric studies in pure organic solvents so as to comment on the nature of these electrolytes.
Experimental
Acetonitrile (AN), N,N-dimethylformamide (DMF), and dimethylsulfoxide (DMSO) (99.8%, 99.5%, and 99.0%, all from E. Merck), acetone (AC) and methanol (MeOH) (both 99.5%, from Qualigens), 0932-0784 / 09 / 0300-0269 $ 06.00 c 2009 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com N,N-dimethylacetamide (DMA) (99.5% from CDH) were purified as reported in [10] . The densities, viscosities, and dielectric constants of the purified solvents are given in Table 1 ; they agree well with the literature values [10] .
Tetraacetonitrile copper(I) perchlorate [Cu(AN) 4 ]-ClO 4 , as before, was prepared under dry nitrogen atmosphere by the reduction of copper(II) perchlorate hexahydrate by copper metal powder in warm acetonitrile by following the method reported by Hathaway et al. [11] and Gill and Cheema [12] .
Tetraacetonitrile copper(I) nitrate [Cu(AN) 4 ]NO 3 , which is relatively more difficult to be prepared and stabilized than perchlorate complexes, was prepared under dry nitrogen conditions by reduction of copper(II) nitrate by copper metal powder in warm acetonitrile. On cooling white crystals separated out, which were crystallized from dry acetonitrile. These crystals were dried under vacuum. The prepared copper(I) nitrate crystals remained stable only for a short time and became blue in a few minutes. Copper(I) nitrate solution in dry acetonitrile, however, remained stable for hours which could be used to prepare copper(I) nitrate complexes with other stronger organic ligands than acetonitrile.
Bis-2,9-dimethyl-1, 3 were prepared by slow addition of a warm solution of thiourea (99%, New India Chemical Enterprises) in water and an acetonitrile mixture to copper(I) perchlorate and copper(I) nitrate, respectively, in the required proportion.
The preparation of copper(I) sulfate was very difficult. Copper(I) sulfate could be easily formed in a water/acetonitrile mixture by reduction of copper(II) sulfate in the presence of a few drops of concentrated sulfuric acid. Copper(I) sulfate could be concentrated to 3 M. This solution remained stable in the water/acetonitrile mixture. All attempts to precipitate solid copper(I) sulfate from the solution failed. A removal of acetonitrile from the solution lead to the reverse reaction of the equilibrium Tetrabutylammonium tetraphenylborate and tetrabutylammonium perchlorate were prepared and dried by the methods already reported [8, 13] . The purity of the salts was checked by their elemental, chemical, and spectroscopic analyses. In the UV spectra of all copper salts used for the present study a peak close to 452 nm in the UV/visible region confirmed the presence of copper(I). The absence of a peak between Table 1 . Density (d in g cm −3 ), viscosity (η in cP) and dielectric constant (ε) of some organic solvents at 298 K. 750 to 850 nm confirmed the absence of any traces of Cu(II) in the sample. The purity of salts has also been checked by using KMnO 4 titrations and sulfate estimates.
The molar conductances of various salts have been measured at 1000 Hz, frequency at a temperature of (298.15 ± 0.01) K, with a digital conductivity meter (Model NDC-732, Naina Electronics, Chandigarh, India). The details of the experimental procedure of conductance measurements have been reported earlier [13, 14] . The overall accuracy of the conductance measurements was found to be ±0.2%. As the precision of our conductance data was not better than ±0.2%, the use of any extended conductance equations, which demand an accuracy in the conductance data much better than ±0.1%, was not considered worthwhile. The conductivity Λ o for some of these salts in AN already available are reported in parentheses for comparison with the present values. Good agreement has been found between the presently measured and the literature values [15 -18] .
Viscosity measurements have been done by using an Ubbelohde suspended level viscometer with a flow time of 231 for water at 298 K. The viscometer was calibrated with the method reported earlier [8] . Also the details of the experimental procedure of viscosity measurements were the same as reported earlier [8] . The reproducibility of the viscosity measurements was better than ±0.1%.
The densities of solvent mixtures and solutions were measured using an Anton Paar digital density meter Model-60 and a calibrated cell with reproducibility of ±0.00001 g cm −3 . The permittivities were measured at 2 MHz using a Radelkis Hungury OH-301 dielectrometer.
Results and Discussion

Molar Conductance Measurements
All mentioned copper(I) complexes are strong electrolytes in organic solvents. The molar conductances Table 2 . Λ o (in S cm 2 mol −1 ) and K A (in dm 3 mol −1 ) for some copper(I) perchlorate, nitrate and sulfate complexes in AN, AC, MeOH, DMA, DMF, and DMSO at 298 K. Table 2 . The experimentally measured physical parameters of all organic solvents used for the analysis of the data are reported in Table 1 . The ionic association constants (K A ) show that copper(I) nitrate and sulfate complexes are relatively more associated than the corresponding perchlorate complex.
Limiting Ion Conductances
The limiting ionic molar conductances (λ o ± ) have been calculated, using Bu 4 NBPh 4 as reference electrolyte, with the help of the following equations:
The limiting ionic molar conductances for the Bu 4 N + and Ph 4 B − ions are obtained from the above equations, and these values have been used to calculate the limiting ionic molar conductances of all other ions on the basis of Kohlrausch's law of independent migration of ions. Using this method for the Λ o values, the λ o i values for the various ions of Table 2 have been computed  and recorded in Table 3 .
Actual Radii for Some Copper(I) Cations
To understand the solvation behaviour of the different ions, the solvated radii (r i ) for the various ions have been calculated using Gill's modification of Stokes' law [21] :
Here r i is the actual radius of the ion in solution, ε is the dielectric constant of the medium, r y is the adjustable parameter, and all other symbols have their usual meaning. For associated and hydrogen-bound solvents r y has been recommended to be 0.113 nm and for non-associated or dipolar aprotic solvents as 0.085 nm [21] . Since in the present work dipolar aprotic solvents have been used as solvent systems, therefore r y has been used as 0.085 nm. Using the λ o values from Table 3 , the r i values for various ions have been calculated in different solvent systems which is reported in Table 3 . The actual radii of the various ions indicated that tetrabutylammonium and tetraphenylborate ions are not solvated, as they have the same r i values in all solvents, and these constant values are equal to their crystallographic radii (r c = 0.50 nm and r a = 0.535 nm, respectively). These two ions are not solvated in many dipolar aprotic solvents due to their large size. The anions are much less solvated. The solvation radii for ClO 
